Introduction
Herbicides which act as inhibitors o f p h o to synthetic electron transport bind reversibly and noncovalently to proteins on the acceptor side o f p h o to system II. These binding proteins have recently been identified as the 3 2 -3 4 kD a HBP for " D C M Utype" herbicides [1, 2] , and as the photosystem II reaction center for phenolic herbicides [2, 3] by means o f photoaffinity labels. As to the m echanism o f herbicide action it is assum ed th a t h erb ic id e binding to the respective herbicide b in d in g proteins prevents binding of plastoquinone from the " p o o l" and thus interrupts photosynthetic electron flow [4, 5] . However, the exact n ature o f h e rb ic id e / plastoquinone interaction is still unclear, especially the question w hether herbicide and p la sto q u in o n e have identical binding sites.
In order to investigate this we have studied h erbicide/quinone interaction and p h o to affin ity label binding in p lastoquinone-depleted spinach thylakoids and in photosystem II p rep a ra tio n s as well. Furtherm ore, direct identification o f plasto- 0341-0382/84/0500-0393 $01.30/0 quinone binding proteins was attem p ted by use o f a plastoquinone-azide photoaffinity label [6 ] , w hich has been resynthesized at a high specific activity.
Results and Discussion

Plastoquinone-depleted spinach thylakoids
Radioactively labeled inhibitors can be d isplaced from the thylakoid m em b ran e by an o th er in h ib ito r [7] , Any attem pts to displace an in h ib ito r by plastoquinone itself or the short chain an alogue p lastoquinone-1 have failed so far [8 ] . O ne reason for that may be the high endogenous p lasto q u in o n e content o f the thylakoid m em brane. W e have, th e re fore, prepared p lastoquinone-depleted thy lak o id s by m eans o f «-hexane extraction [9] . Binding param eters for herbicides in p lasto q u in o n e-d ep leted thylakoids together w ith the control are su m m arized in T able I. As can be seen, the binding affinity for most "D C M U -type" herbicides in p lasto q u in o n edepleted thylakoids is one ord er o f m ag n itu d e less as com pared to control thylakoids, w hereas the num ber o f binding sites is unchanged. D C M U itself is the only exception; its binding is not affected by «-hexane extraction (Table I) . If p lasto q u in o n edepleted thylakoids are labeled by azid o -atrazin e at a concentration o f 10 n m o l/m g Chi, no rad io activ ity in the 3 2 -3 4 kD a HBP can be found (Fig. 1 B) . At this concentration o f azid o -atrazin e the 3 2 -3 4 kD a HBP in norm al thylakoids w ould be heavily tagged [2] , The 3 2 -3 4 kD a HBP, how ever, is still presen t in plastoquinone-depleted thylakoids: if the lab elin g by azido-atrazine is perform ed p rio r to «-hexane extraction, bound radioactivity in the 32 kD a region can be found (Fig. 1 A) . These findings alto g eth er support the idea o f different b u t overlapping b in d ing sites for various classes o f " D C M U -ty p e" herbicides at the 3 2 -3 4 kD a HBP [10] . F u rth e r more, binding o f herbicides to the 3 2 -3 4 kD a HBP is strongly influenced by its environm ent: p e rtu rb a tions as exerted by «-hexane extraction, w hich in addition to plastoquinone also rem oves som e lipids, results in a loss o f affinity o f som e herbicides. In contrast, binding o f phenolic herbicides, w hich are directed against the photosystem II reactio n center, is not affected by plastoquinone d ep letio n (Table I) .
Since D C M U -binding in plasto q u in o n e-d ep leted thylakoids is not changed, displacem ent ex p e ri ments with a variety o f 1,4-benzoquinones have been perform ed [11] . F o u r exam ples are d em o n strated in Fig. 2 . T he degree o f displacem ent depends on the chem ical n atu re o f the q u inone substituents: tetraio d o -b en zo q u in o n e is an effective, 3,5-di-te/7-butyl-benzoquinone only a m o d erate displacer. In a q u an titativ e structure-activity rela tionship, displacem ent activity o f the 25 quinones tested so far could be correlated to th eir redox potential and th eir steric p ro p erties [11] . As Fig. 2 shows, also plastoquinone-1 [5,6- that herbicide binding indeed influences plastoquinone binding at the thylakoid m em brane.
Photosystem II preparations
A photosystem II p rep aratio n from spinach thylakoids as obtained by T riton trea tm e n t ac co rd ing to the procedure by Berthold et al. [12] retains an active oxygen evolving system. In this p re p a ra tion, photosynthetic electron transport in the system water to dichlorophenolindophenol is sensitive b oth to "D C M U -type" and phenolic herbicides [13, 14] . Consequently, after labeling w ith az id o -atrazin e radioactivity is found in the 3 2 -3 4 kD a H BP and after labeling with azido-dinoseb in the p h o to system II reaction center proteins [13, 14] , A photosystem II particle from the alga Chlam y domonas reinhardtii according to D in er and W ollman [15] does not possess an intact w ater splitting enzyme system. In this p rep aratio n , p h o to sy n th etic electron transport is insensitive tow ard " D C M Utype" herbicides, but still sensitive tow ard p h enolic herbicides (system diphenylcarbazide to d ic h lo ro phenolindophenol) [2] . Labeling w ith az id o -atrazin e reveals no radioactivity w ithin the 3 2 -3 4 kD a m olecular weight range, w here HBP m igrates in the gel (Fig. 3 A) . The only radioactivity detected is d ue to some unspecific labeling o f lipids and free pigments (right side, Fig. 3 A) . T his fu rth e r su p ports the notion as stressed above th a t an intact environm ent o f the 3 2 -3 4 kD a HBP is necessary to facilitate herbicide binding. In contrast, azidodinoseb still tags the photosystem II reaction center [2, 14] . The lack o f radioactivity in the 3 2 -3 4 k D a m olecular w eight range w ithin the gel after labeling with azido-atrazine, how ever, does not indicate th at the 3 2 -3 4 kD a HBP is m issing in this p rep aratio n . Presently, it is assum ed th at the " rap id ly tu rn in g over" or "photo g en e" 3 2 -3 4 k D a pro tein [16] , and the 3 2 -3 4 kD a HBP are identical. If Chlamydomonas was grown in a m edium containing [l4C ]acetate, about 2 0 % o f the radioactivity was in co rp o rated into thylakoids after 2 0 m in grow th in the light. Gel electrophoresis and scanning revealed th at m ost of the radioactivity was inco rp o rated into a poorly staining 3 2 -3 4 kD a protein. F u rth erm o re, after preparation o f photosystem II particles from these l4C enriched thylakoids, it could be d em o n strated that the most prom inent radioactivity p eak is located w ithin the 3 2 -3 4 kD a m olecular w eight region (Fig. 3 B) .
S. Plastoquinone-azide photoaffinity labeling
We have recently synthesized a plasto q u in o n ederived photoaffinity label PQA z [6 ] . By this, in isolated thylakoid cytochrom e 6 6/ / :com plex the 23.5 kD a cytochrom e bh and the 20 kD a Rieske Fe S protein could be identified as plasto q u in o n e b in d ing proteins [6 ] . However, the specific activity o f PQAz was too low to allow for iden tificatio n o f plastoquinone binding proteins in a thy lak o id preparation. PQAz was, therefore, resynthesized at a specific activity o f 289 m C i/m m o l. As we have reported recently, the high specific activity PQ A z in thylakoids predom inantly labels a pro tein in th e 32 kD a m olecular w eight range [17] , Since several proteins com igrate in this m olecular w eight range [18] , it was o f special interest to ascertain w h eth er the proteins w hich are tagged by azid o -atrazin e or PQAz, respectively, are identical or not. Fig. 4 A dem onstrates the labeling p attern o f th y lak o id s by 2 nm ol/m g Chi PQAz in an L D S-PA G E gel (11-15% ) . N ote that besides a 32 kD a p ro tein also the light harvesting Chi a /b pro tein com plex is heavily tagged. protein (2) . We note that the two proteins labeled either by azido-atrazine (1) or PQAz (2) clearly m igrate at different /^v a lu e s (0.55 and 0.59, respectively). Contrary, R r v alues are id entical if 4 m urea is included into the gel (Fig. 4 C ) . T his may indicate that the two proteins being tagged by azido-atrazine or PQAz, respectively, are indeed different. A nother explanation m ight be th a t a tta c h ment o f the quinone m oiety, w hich originates from PQAz, as com pared to the attach m en t o f the triazine m oiety w hich originates from azid o -atrazin e, to an identical protein differently affects its m obility in the gel. F u rth e r w ork has to be p e r formed to clarify this question.
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